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ABSTRACT 


Four  Mussa  TR-11C  transducer  rlrmcnt*.,  of  the  type  used  in  *he 
ARTEMIS  acoustic  source,,  were  mechanically  and  electrical!*  modified 
to  reaLze  an  increased  power  handling  capability  and  to  facilitate  a 
parallel  electrical  connection  of  elements  in  an  array.  The  modified 
elements,  designated  type  TR-’  IF,  were  fitted  with  new  springs 
designed  to  operate  continuously  with  cvclic  deflections  of  11  mils  peak 
to  peak  replacing  the  original  springs  which  had  a  maximum  safe  deflec¬ 
tion  amplitude  of  approximately  ten  mils  peak  to  peak.  The  original 
magnet  coils  were  replaced  with  coils  ha.mg  a  larger  number  of  turns 
o!  smaller  wire.  The  resulting  menaced  impedance  facilitates  a 
parallel  connection  of  elements  in  that  six  parallel  »  onnected  TR-llF 
elements  would  have  the  same  impedance  as  six  series  connected 
TR-llC  elements.  The*  present  ARTEMIS  source  utilises  a  configura¬ 
tion  of  parallel  ele:trical  connection  to  groups  of  six  senes  connected 
elements.  The  modification  also  incorporates  an  altered  air  gap  con¬ 
figuration  and  special  instrumentation  to  permit  measurements  of 
spring  deflections. 

This  report  describes  tests  in  which  the  four  modified  elements  were 
operated  with  a  water  load  at  the  maximum  design  spring  deflection  for 
approximately  10,000,000  cycles. 

Mechanical,  electrical  and  acoustic  measurements  obtained  during  and 
following  the  endurance  tests  indicated  that  the  elements  were  not 
damaged  by  ope. <*t;or.  at  this  le\rl. 
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INTRODUCTION 

The  Mass*  type  TR  *  1  l  F  variable  reluotar  ee  transducer  eleme  {  u  a 
modification  of  the  Massa  IR-llC  Hemert  which  is  present!)  emplov^d 
in  the  ARTEMIS  acoustic  source.  The  modification  consists  of  a 
change  in  the  spring  design,  m  the  magnrt  coil  windings,  and  tr.**  air 
gap  contiguration.  The  mechanically  improved  springs  have  been 
designed  for  a  maximum  periodic  deflection  of  1 8  thousandths  of  an 
inch  peak  lo  peak  without  fatigue  failure.  1  hr  new  magnet  coils  have 
an  electrical  impedance  which  is  Jb  times  that  employed  in  the  TR-llC 
elements,  thus  facilitating  a  parallel  electrical  connection  of  elements 
in  a  multielement  array.  The  present  configuration  of  the  ARTEMIS 
source  employs  TK- HC  elements  with  a  parallel  electrical  connection 
of  groups  of  six  series  connected  elements,  The  impedance  of  the  TR* 

1  IF  elements  is  such  that  jix  parallel  connected  1R-I1F  elements  ha.e 
the  same  impedance  as  six  series  connected  TR-llC  elements.  A 
complete ly  parallel  array  of  TR  - 1 1  F  e lemrnts  would  have  the  same 
impedance  as  the  present  ARTEMIS  array.  The  magnetic  air  gap  has 
been  modified  to  a  non-uniform  contiguration  which  maintains  the  same 
magnetic  reluctance  as  in  the  TR-MC  elements  but  mechanically 
restricts  the  spring  deflection  to  approx; matelv  22  thousandths  of  an 
inch  peak  to  peak.  The  new  spring  ar.d  air  gap  ^  onligurations  are 
illustrated  in  figure  1. 

Tests  of  four  TK-IIF  rlements  were  tnrdiuted  during  the  period  1}  - 
26  November  19b3  at  the  U  S,  Naval  Research  Laboratory  Transducer 
Calibration  Platform  at  Lake  .vnou,  New  York. 

PPRPOSF  OF  TEST 

The  purpose  of  this  t»  st  wa-  to  er.fv  the  nuwhanual  and  electrical 
integrity  of  the  TR  •  l  1 1-  He  mrots  «*»,••  *'pr  r  it  ;ng  ,r.to  a  water  load  w  it h 
a  maximum  spr  rg  deflection  ot  2  2  !”o  i-as.dtLs  of  an  inch  peax  to  peak. 

EXPERIMENTAL  PROlEDUR  E 

Four  IK -I  IF  t  r  Hind  u  rr  elements  were  mounted  in  the  center  Ot  a 
pla nr  a r  ra \  of  1h  I  R  ■  I  1  C  Heme nt  v  as  : lies »  ra  ted  n  t  igure  1 .  \  t ront 

.  le'\  ot  the  *  \  per  in  .t  i  ra\  »t  the  t »  s  •.  -  tt «  -  s1  o\*n  in  figure  3 

I  he  mat  t:  *  ••  IK-IlL  »'li'i;ic*r!>  w*"*e  r.iii  <i  to  ser  *  as  an  at  oust w 
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baffle  in  order  to  increase  the  acoustic  loading  on  the  active  TR  1  l  F 
elements.  The  elements  were  electrically  connected  as  shown  in 
figure  4.  Polarizing  current  was  applied  to  the  inactive  element! 
shorting  capaeuors  connected  uc  ross  their  outputs  in  order  to  int  .‘ease 
thci-  effective  mass.  No  pressure  release  material  was  used,  thus 
permitting  acoustic  radiation  from  both  sides  of  the  plane  array. 

Each  TR-llF  elemen  was  instrumented  with  two  accelerometers 
attached  to  the  inner  mass  and  one  accelerometer  attached  to  the  outer 
mass.  The  inner  acceler  ) meters  were  located  near  the  top  and  bot  • 
tom  edges  of  the  internal  mass  and  the  external  accelerometer  was 
attached  at  the  center  of  one  radiating  face  Bv  converting  the  mea¬ 
sured  accelerations  to  displacements  and  vectorially  adding  each 
internal  displacement  to  the  external  displacement,  a  measure  of 
spring  deflections  at  the  top  and  bottom  of  the  element  were  obtained. 

The  array  was  submerged  on  a  pipe  string  to  a  depth  of  100  feet  to  its 
center.  A  receiving  hydrophone  was  suspended  at  a  horizontal  range 
of  ten  meters. 

With  an  electrical  power  input  to  the  four  TR-llF  elements  of 
approximately  ^0  watts,  the  array  was  driven  at  five  cycles  per 
second  increments  of  frequency  from  ^0  to  4S0  cycles  per  second  and 
at  ten  cycles  per  second  increments  from  4^0  to  *v00  cycles  per  second. 
Frequency,,  power,  ac  current  and  voltage,  polarizing  current  and 
voltage,  hydrophone  output,  and  accelerometer  phases  and  amplitudes 
were  measured  and  recorded  at  each  frequency.  I  he  measurement  of 
polarizing  voltage  and  current  into  the  active  elements  permitted  the 
element  coil  temperature  to  be  monitored.  Directivity  patterns  were 
obtained  by  rotating  the  projector  m  ten  degree  increments  of  azimuth. 

I  he  transducer  fatigue  le*%t  was  initiated  bv  driving  the  arrav  at  42^ 
cscles  per  second  at  increasing  power  input*  until  one  vomputed  spring 
deflection  equaled  approx  *  rnateU  ZZ  thousandths  ot  an  inch  peak  to  peak 
lhe  arrav  was  then  operated  tor  lU '  t  \  v  le*  ,  maintaining  a  r.earlv 
<  on* t ant  maximum  defle  tn»n  \t  twentv  minute  intervals  the  time 
1  req  .  i  \  ,  power,  at  c  ur  r»  m  a  *.d  ,  olta  ge ,  pola  rizing  i  ur  r  rnt  and 
oitage,  h\  urophofie  o  it  put,  im!  ^nelrn  *nrttT  phase*  and  amplit  udes 
were  measured  and  recorded. 
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Xhv  •icoiiitK  loading  on  tin*  tour  «  lemeut  .irr.iv  iompiilf'1  as  the 
ratio  ot  the  measured  radiated  [mwer  to  *nat  power  which  wr»il<,  be 
radiated  bv  a  rigid  plane  piston  operating  *n*o  a  imt>  Ci  load  oa  mg  ai. 
area  equal  to  that  of  thr  eight  radiating  *,u  rs  of  the  fou*  fiert'ents,  ard 
having  a  uniform  display »  mrnt  amplitude  equal  to  the  root  *mean -squa  rr 
\alieof  the  various  displacement  ampltt  ides  of  thr  indi.sdial  r'ements 

Although  act  elrrometer  instrumentation  pro  ided  on  ail  tour  of  the 
t  K  *  1 1  K  ele  meats,  orn*  internal  Ac  irlrromr  ter  and  thr  external  at  trier* 
ometrr  on  element  number  one  b>th  developed  short  iirrmt*  i!  *h~ 
beginning  of  the  tests.  The  remaining  internal  *<  t  e  leromete  r  cn  rienien* 
number  one  displayed  a  very  distorted  waveform.  Consequent^ ,  no 
displacement  data  ,s  available  tor  element  lumber  one. 

RESULTS 

1  he  fr«  quenc y  cha rai  ter ist ic s  ot  the  I  R  ■  1  1 1*  elements  were  investigated 
over  the  range  from  to  ^00  xvtlrs  per  se. ond  Neither  tv  e  input 
i  ii-rent  nor  power  was  held  vonstant  as  *hr  freq  irni  v  was  i  hanged 
However,  the  power  was  mainta.ned  between  'hr  limits  ol  4n  to  iiKO  watts 
I  he  polarizing  *.  urrent  into  the  urn  ip  ot  p>  (r  na  raliel  *  onnr*  *ed  I  R  *  l  I  V 
elements  cas  held  <  nnstant  at  "  J J  imprrrs  I  h»*  intended  poUr.tmg 
i  urrent  was  n  n  atnperes.  I  he  largi  r  Tu  ir  «*t  >  .rrer.t  was  ,s»‘d  ;n  the 
test  due  to  an  instr  indentation  error  -e-  i » * .  :i  ^  m  excess.  \  itign 

meter  lead  res  l  slam  e  I  hr  ms  |  ruiornta!  .on  *  r  rnr  ^  i'  *  or  re «  tr  d  and 
t  he  i  u  rr  r  nt  rrdtued  to  0 .  hO  a  nipt  rr  •*  or  i>  r  ? « »  it*  rr.  d  irant  e  t  r  s  j  o*  thr 
elements  Sim  e  1  he  n  irnbe  r  ol  *  irris  ,  t,  **\r  »»  a  gnrt  •  o.l«  ot  !**e  I  K  *  i  I  h 
•dements  is  six  tunes  that  ot  t  he  I-H  il<*  s.  the  prof>**r  po.ar.r.ng  *  *r 
r*  i.t  .  s  one  •  s  ix t  h  -d  *  ;,r  t<  n  .t  n  .}■•  r*,  -  •  *  q  ..  i  #  *t  .  *  "  •  *  R  'it  »  ir  o  e  :.t  s 

\  group  ot  fo  ir  •  ie  merit  s  ,n  ritrn.H  *  *.•■  r*  j  >  »•«  r  t  *,  ,,  re «.  *  e  u»  ;w«rr> 
pola  r  i/mg  «.  ir  rent 


1  he  internal  .«nd  external  mass  «  st>ta<  eo.r'*:  e*  ; 
ampere  aiternatmg  i  urrent  input  -ire  plotted  .r 
a  Ith  *  oim  id  mg  rr!  ill  e  pna^e  ungir  *  pmt*»  d  •, 

«  orr*  s sp»  og  *  !i«  •  !  *  *  s  \r*  .  e’riN  •' 

and  t to  •  tt.>  ien<  \  i nd  a*  •  Mist  i  ■»  a • :  **g  .  o  *  *g  . **e  * 

I  he  i  ■  i  tor  m  pe da  n*  •  Pm  i»  is  s •  **  k  ,  n  * i g  .  re  1  * 

s  ri  m  i>  I'*1  h  ,  i*  *  *  <rn..d.  .  k.  ’ 1  *  r  }  •  w  . r  - 

v  i.  \  ’  •  pi>i «  r .  /  .  ^  i  r  re i.*  v  t  -  •  *  .  «  ’  ‘ *  *>  * 
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i  niiati|rr4bly  highrr  rr  sutler  « itnponrnt  i»f  itnptoUiu  a  at  4.* 6  *  yi  lea  par 
•  rtopfl.  Dirac  tivity  jwiUrrns  of  tha  r  *)*•  r  iment  a  I  Array  At  fraquam  ir  * 
of  560,  176,  400,  426,  460,  4  7 r*  And  M)0  «  yi  Iri  par  un4  irr  :ll»***»  ratad 
In  figure*  17  through  2  1 

1  hr  linearity  of  that*  alament*  with  raspart  to  input  powar  it  illuilrMad 
in  flguras  l  4 ,  26  Amt  <111  In  which  mm  diaplaramant  a  mplituda*  ara 
plottad,  amt  in  figural  50,  51  anti  plots  of  c  corresponding  spring 
daflait  tons .  1  ha  coinciding  displacement  phasas  ara  illustrated  in 

figuraa  2 S ,  27  and  29,  I  he  dottad  linas  in  these  illustrations  raprasant 
rapaatad  data  for  which  tha  polarising  currant  had  baan  radm  ad  from 
7.  92  to  6.  60  amparas  Figure  5  5  is  a  plot  of  tha  tmpadam  a  of  ’hr  tour 
parallel  connected  alamants  and  figuras  54  and  16  illustrata  the*  rorraa 
ponding  valuas  of  Scoutflc  loading  and  effli  tancy,  respectively 

Tha  final  experiment  consistad  of  an  anduram  a  tast  in  whuu  tha  array 
was  oparatad  for  six  and  one*half  hours  at  426  c  yi  las  par  »a,  ond  I  ha 
maximum  spring  deflection  was  maintatnad  at  an  arnplitutla  of  approxt 
mataly  22.6  thousandths  of  an  im  h,  peak  to  paa k .  1  hr  pola rising  «  nr 

rant  was  hatd  constant  at  f>  f#  am|>arafl  Four  and  one  halt  hour*  of 
<  unttnuous  operation  were  a<  <  ompltthed  on  2/  November  and  tha  ramatn 
tng  two  hours  of  continuous  oparatloti  wara  |>er  formed  on  2 s  Novamhar 
During  tha  tntarvaning  lima  tha  array  ramatnad  submerged  but  ^as  not 
oparatad . 

1  hr  irnpadatn  a,  Ac  imiMu  loading,  and  rffu  lam  y  of  the  array  ara  plottad 
in  tlguraa  if>,  i?  and  IM,  respectively  During  tha  run,  tha  input  |»o‘Cer 
was  variad  slightly  in  order  to  maintain  tha  maximum  spring  deflection 
at  an  approx imataly  constant  amplltuda.  I  ha  input  powar  is  fdottad  in 
(igura  17  |  ha  mass  dispta*  amenta  ara  illustratad  in  Da  ■  ir  a  s  40,  42 

and  44  with  «  own  tiling  pha sr  plots  in  figurr*  41,  4'  and  4**  (hr  .  o  r  ?  e  a 
pomltng  spring  datlattlons  ara  plotted  in  figure  4h  I  hr  toil  'a  mpei  at  ut  r  , 
a  a  determined  from  tha  polarising  voltaga  and  «  urraut,  cs  plottad  im 
figure  47  I  ha  watar  temperature  wax  47*  I-  I  hr  SligM'v  highe*  atait 
HiK  tainpat aluras  lllust rated  in  figure  47  ara  ttca  result  of  lha  appli«atioii 
of  polarising  fniwar  for  a  few  miiiutra  prior  to  rm  iUIium 
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observed  except  for  the  one  remaining  accelerometer  on  eleme.*t  number 
one  «iC  previously  noted.  The  distortion  from  element  number  one 
appeared  to  be  due  to  a  defect  in  the  accelerometer.  At  the  com.  letion 
of  all  underwater  tests,  the  impedance  m  air,  as  a  function  of  frequency, 
was  measured  for  each  of  the  four  TR-UF  elements,  No  significant 
change  was  observed  when  these  measurements  were  compared  with 
those  made  by  the  manufacturer  prior  to  the  underwater  tests.  None  of 
the  data  presented  in  this  report  indicates  damage  to  any  of  the  elements. 
In  light  of  the  above,  it  is  concluded  that  the  elements  tested  arc 
satisfactory  for  operation  at  spring  deflections  as  high  as  those  observed 
in  these  tests. 
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Figure  11  -  Frequency  dependence  of 
spring  deflection*  n  .  n. allied  to  one 
ampere  ao  input*  .  men!  number  2. 
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Figure  12  -  Frequency  dependence  of 
^princ  deflections  normalized  to  one 
ampere  ac  input.  Element  number  3. 
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Figure  14  -  Frequency  dependence  of 
efficiency  of  four  element  array 


Figure  15  -  Frequency  depend¬ 
ence  of  loading  ratio  of  four 
element  array 


Figure  16  -  Vector  impedance 
locus  diagram  for  four  ele¬ 
ment  array 
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Figure  24  -  Displacement  amplitude  linearity  with  input 
power  for  element  number  2 
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Figure  28  *  Displacement  amplitude  linearity  with  input  power 
for  element  number  4 
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Figure  30  -  Spring  deflection  linearity  with 
input  power  -  element  number  Z 


Figure  31  -  Spring  deflection  linearity  with 
input  poster  -  element  number  3 
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Figure  37  -  AiouMu*  loodmc  ratio  during  endurance  test 
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Figure  38  -  Array  efficiency  during  endurance  test 
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Figure  40  -  Internal  and  external  mass  displacement  amplitudes 
during  endurance  test  for  element  number  2 
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